Contrib. Astron. Obs. Skalnaté Pleso 49, 367 – 372, (2019)

Photometric observations of the asteroid 3200 Phaethon using small and middle telescopes

A. Kartashova^1, M. Husárik^2, O. Ivanova^{2,3,4}, G. Kokhirova^5, E. Bakanas^1, I. Sokolov^6, U.Kh. Khamroev^5 and A.A. Ibragimov^5 1 Institute of Astronomy, Russian Academy of Sciences, Pyatnitskaya str. 48, 119017 Moscow, Russian Federation (E-mail: akartashova@inasan.ru) 2 Astronomical Institute of the Slovak Academy of Sciences, 059 60 Tatranská Lomnica, Slovakia 3 Main Astronomical Observatory of the NAS of Ukraine, 27 Akademika Zabolotnoho str., 03143 Kyiv, Ukraine 4 Astronomical Observatory, Taras Shevchenko National University of Kyiv, Ukraine 5 Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan, St. Bukhoro 22, 734042, Dushanbe, Tajikistan 6 Terskol Branch of Institute of Astronomy, Russian Academy of Sciences, Terskol, Elbrus ave., 81-33, Tyrnyauz, Kabardino-Balkaria Republic, 361623 Russian Federation

Received: November 2, 2018; Accepted: March 28, 2019

Abstract. The main aim of photometrical observations of the asteroid 3200 Phaethon was searching for its low-level cometary activity (possible coma and/or dust tail) in the pre-perihelion passage. We performed observational runs with telescopes ranging from 0.61-m to 2-m and BV R color imaging. Three longer photometric series were used for modeling of the 3D shape of Phaethon. The color indices and size of the asteroid were estimated. Key words: asteroids – 3200 Phaethon – photometry

1. Introduction

Near-Earth asteroid 3200 Phaethon is an outstanding small body in the Solar System. Its perihelion distance is 0.14 au, quite close to the Sun, and leads to a systematic strong heating of the surface. Phaethon reveals cometary activity (Jewitt, 2012), and is considered as a parent body of the Geminid meteor shower (Williams & Wu, 1993; Ryabova et al., 2019). These three features make Phaethon a legitimate target for space-probe exploration (Arai, 2018).

2. Results from photometry

Observations of the asteroid 3200 Phaethon were obtained from October to December 2017 with the 2-m telescope at the Terskol Observatory (Caucasus,

368 A. Kartashova et al.

Russia), the 1-m telescope at the Sanglokh Observatory (Tajikistan), and the 0.61-m telescope at the Skalnaté Pleso Observatory (Slovakia). The photometric data were obtained through the B, V, and R broadband filters. The reduction of the raw data using bias subtraction, dark and flat field correction was applied in a standard way. The color indices, absolute magnitude, and effective diameter of the asteroid with uncertainties one can see in Tab. 1. For calculation of the effective diameter we applied the formula

log p_V = 6.259 − 2 log D − 0.4H, (1)

where D is the diameter of the asteroid in kilometers, p_V the geometric albedo, and H the absolute V -band magnitude (Bowell et al., 1989).

Table 1. Photometric results of 3200 Phaethon from October to December 2017. Table contains heliocentric and geocentric distances and the solar phase angle, respectively. Then color indices, the absolute magnitude, and the effective diameter of the asteroid with uncertainties. For all diameter estimates we used the value of albedo of 0.1066 (Tedesco et al., 2004). In the last column there are listed the acronyms for Sanglokh, Skalnaté Pleso, and Terskol, respectively.

Date r Δ α B − V V − R H D Obs.

au au deg mag mag mag km Oct 28 1.640 0.977 34.0 0.69 0.35 14.37 5.52 San ±0.07 ±0.04 ±0.03 ±0.08 Oct 29 1.630 0.957 34.0 0.66 0.36 14.35 5.57 San ±0.13 ±0.06 ±0.09 ±0.22 Nov 15 1.444 0.603 32.4 − 0.43 14.42 5.38 SPO − ±0.02 ±0.03 ±0.08 Nov 17 1.422 0.566 31.9 0.59 0.43 14.40 5.43 San ±0.11 ±0.07 ±0.06 ±0.15 Nov 22 1.357 0.461 30.4 0.62 0.35 14.36 5.54 SPO ±0.02 ±0.02 ±0.02 ±0.05 Nov 23 1.346 0.443 30.1 0.64 0.36 14.37 5.50 SPO ±0.04 ±0.03 ±0.04 ±0.09 Nov 27 1.294 0.367 28.3 0.65 0.33 14.35 5.58 SPO ±0.02 ±0.02 ±0.02 ±0.05 Dec 02 1.226 0.273 25.0 0.65 0.35 14.33 5.62 Ter ±0.01 ±0.01 ±0.01 ±0.02 Dec 13 1.061 0.089 29.6 0.63 0.35 14.22 5.92 Ter ±0.01 ±0.02 ±0.02 ±0.06

For comparison our results with other authors we can use the ALCDEF database^1. Color indices we can compare with values from papers of Pan et al. (2012), Jewitt (2013), and Ansdell et al. (2014). Our determined colors are in

1http://alcdef.org/

Figure 1. χ^2 residuals between the synthetic and observed lightcurves of the asteroid for spin-vector coordinates covering the entire celestial sphere. The dark blue region represents the pole location with the lowest χ^2, which increases as the color goes from green to yellow and, finally, to red.

good agreement with published values. Absolute magnitudes H have been published by many authors. The values are in the interval from 13.96 to 14.60 mag, but only one is reviewed with three decimal places. It is value 14.345 mag (Pravec et al., 2012). Our H values determined in all nights are very similar to that value.

Also we derived a convex 3D shape model of Phaethon based on 51 previously published in the DAMIT database (Hanuš et al., 2016) and our 3 lightcurves

Figure 2. The 3D shape model of Phaethon. On the left there is shown a north pole view, in the middle and right the equatorial viewing and illumination geometry with rotational phases 90^∘ apart.

(November 22 and 27, and December 02, 2017). We have used the robust method, the so-called lightcurve inversion described by Kaasalainen & Torppa (2001) and Kaasalainen et al. (2001). It allows us to determine the sidereal period and pole solutions and recover a detailed convex 3D shape model. The sidereal rotational period was estimated at the value of 3.603 96 ± 0.000 01 hr. This value is almost the same as computed by Hanuš et al. (2016) and reviewed in the ALCDEF database.

Next, the north pole coordinates were computed. In Fig. 1 there is shown the possible location of the north pole at the ecliptic longitude λ_p = 315^∘ ± 10^∘ and latitude β_p = −31^∘ ± 10^∘. From that it follows that the sense of rotation of Phaethon is retrograde. The first estimates of the spin axis orientation were published by Krugly et al. (2002) and Ansdell et al. (2014), but the currently accepted, most probable value is that of Hanuš et al. (2016). Our estimate is very similar. The latest published position of the north pole of Phaethon at (318^∘ ±5^∘, −47^∘ ±5^∘) is from the article by Hanuš et al. (2018). Our determined 3D shape model has the ratios at a/b = 1.11 and b/c = 1.04 (Fig. 2), but that we cannot compare with data from the ALCDEF database.

3. Conclusion

Despite many attempts to obtain signs of Phaethon’s cometary activity, no trace of it has been detected. But our photometry in all observed nights showed that Phaethon should be actually larger than 5.1 km as it was previously published. The analysis from the Arecibo radar confirmed that Phaethon is really larger and has the diameter of approx. 6 km (Taylor et al., 2018) and an almost spherical 3D shape^2. Results of multi-color photometry show a bluish surface for Phaethon. It is in contrast with typical cometary nuclei that are slightly reddish in general (Tedesco & Desert, 2002). Zheltobryukhov et al. (2018) estimated the geometric albedo of Phaethon to be 0.075 ± 0.007 in the R filter, which appears to be consistent with dark F-type asteroids. Also our data confirmed the taxonomy F-type of Phaethon. Note that Phaethon was classified as Tholen F-type by Tholen (1984).

Acknowledgements. AK thanks for the support, in part, from the RFBR grant No. 16-02-00805-a. OI is supported, in part, by the project the SASPRO Program, REA grant agreement No. 609427, and the Slovak Academy of Sciences (Grant Vega No. 2/0023/18). MH thanks Grant VEGA No. 2/0023/18. Observations at the Skalnaté Pleso Observatory were acquired under the realisation of the project ITMS No. 26220120029, based on the supporting operational Research and development program financed from the European Regional Development Fund.

2https://www.jpl.nasa.gov/news/news.php?feature=7030

References

Ansdell, M., Meech, K. J., Hainaut, O., et al., Refined Rotational Period, Pole Solution, and Shape Model for (3200) Phaethon. 2014, Astrophys. J., 793, 50, DOI: 10.1088/0004-637X/793/1/50

Arai, T., An Overview of the DESTINY+ mission: Flyby of Geminids parent (3200) Phaethon and in-situ dust analyses. 2018, in COSPAR Meeting, Vol. 42, 42nd COSPAR Scientific Assembly, B1.1–43–18

Bowell, E., Hapke, B., Domingue, D., et al., Application of photometric models to asteroids. 1989, in Asteroids II, ed. R. P. Binzel, T. Gehrels, & M. S. Matthews, 524–556

Hanuš, J., Vokrouhlický, D., Delbo’, M., et al., (3200) Phaethon: Bulk density from Yarkovsky drift detection. 2018, Astron. Astrophys., 620, L8, DOI: 10.1051/0004- 6361/201834228

Hanuš, J., Delbo’, M., Vokrouhlický, D., et al., Near-Earth asteroid (3200) Phaethon:

Characterization of its orbit, spin state, and thermophysical parameters. 2016, Astron. Astrophys., 592, A34, DOI: 10.1051/0004-6361/201628666

Jewitt, D., The Active Asteroids. 2012, Astron. J., 143, 66, DOI: 10.1088/0004- 6256/143/3/66

Jewitt, D., Properties of Near-Sun Asteroids. 2013, Astron. J., 145, 133, DOI:

10.1088/0004-6256/145/5/133

Kaasalainen, M. & Torppa, J., Optimization Methods for Asteroid Lightcurve Inversion. I. Shape Determination. 2001, Icarus, 153, 24, DOI: 10.1006/icar.2001.6673

Kaasalainen, M., Torppa, J., & Muinonen, K., Optimization Methods for Asteroid Lightcurve Inversion. II. The Complete Inverse Problem. 2001, Icarus, 153, 37, DOI: 10.1006/icar.2001.6674

Krugly, Y. N., Belskaya, I. N., Shevchenko, V. G., et al., The Near-Earth Objects Follow-up Program. IV. CCD Photometry in 1996-1999. 2002, Icarus, 158, 294, DOI: 10.1006/icar.2002.6884

Pan, S., Abe, S., & Kinoshita, D., Rotation Period and Lightcurve Analysis of Asteroid (3200) Phaethon. 2012, in LPI Contributions, Vol. 1667, Asteroids, Comets, Meteors 2012, 6294

Pravec, P., Harris, A. W., Kušnirák, P., Galád, A., & Hornoch, K., Absolute magnitudes of asteroids and a revision of asteroid albedo estimates from WISE thermal observations. 2012, Icarus, 221, 365, DOI: 10.1016/j.icarus.2012.07.026

Ryabova, G. O., Avdyushev, V. A., & Williams, I. P., Asteroid (3200) Phaethon and the Geminid meteoroid stream complex. 2019, Mon. Not. R. Astron. Soc., DOI: 10.1093/mnras/stz658

Taylor, P. A., Marshall, S. E., Venditti, F., et al., Radar and Infrared Observations of Near-Earth Asteroid 3200 Phaethon. 2018, in Lunar and Planetary Science Conference, Vol. 49, Lunar and Planetary Science Conference, 2509

Tedesco, E. F. & Desert, F.-X., The Infrared Space Observatory Deep Asteroid Search.

2002, Astron. J., 123, 2070, DOI: 10.1086/339482

372 A. Kartashova et al.

Tedesco, E. F., Noah, P. V., Noah, M., & Price, S. D., IRAS Minor Planet Survey V6.0. 2004, NASA Planetary Data System, 12, IRAS Tholen, D. J. 1984, Asteroid taxonomy from cluster analysis of photometry, PhD thesis, University of Arizona, Tucson Williams, I. P. & Wu, Z., The Geminid meteor stream and asteroid 3200 Phaethon.

1993, Mon. Not. R. Astron. Soc., 262, 231, DOI: 10.1093/mnras/262.1.231

Zheltobryukhov, M., Chornaya, E., Kochergin, A., et al., Umov effect in asteroid (3200) Phaethon. 2018, Astron. Astrophys., 620, A179, DOI: 10.1051/0004- 6361/201833408